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Abstract
Šivel M., Kráčmar  S., Fišera M.. Klejdus B., Kubáň  V. (2014): Lutein content in marigold flower (Tagetes 
erecta L.) concentrates used for production of food supplements. Czech J. Food Sci., 32: 521–525.
The RP-HPLC with UV-VIS DAD detection was employed for the separation, identification, and quantification of 
lutein content in Marigold flower (Tagetes erecta L.) concentrates used for the production of food supplements. The 
concentrates commercially available in encapsulated (“granules” – 16 samples) and powder (18 samples) forms were 
analysed. Only 10 samples showed lutein levels complying with lutein contents declared by the manufacturers. Mari-
gold extract in the encapsulated form proved to be more stable against oxidation than the extract in the powder form.
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Lutein is a yellow plant pigment that belongs to 
the carotenoid family, namely to xanthophylls. Its 
structural formula is depicted in Figure 1. It occurs 
in many kinds of fruits and vegetables, especially in 
leafy vegetables, but also in the yolk and eye tissues 
(Štěrbová et al. 2003; Calvo 2005; Čopíková et al. 
2005; Šivel et al. 2013). Lutein acts as an effective 
antioxidant, namely in the protection of eyes, because 
it neutralises free radicals formed by the action of 
ultraviolet radiation on eye retina. Humans are not 
able to synthesise lutein, so they can acquire it solely 
by the consumption of fruits, vegetables, and/or food 
supplements (Calvo 2005). Plant materials contain 
all-trans-isomer of lutein; nevertheless, cis-isomers 
of lutein aregenerated, apart from other agents, 
also by the actions of light and temperature, and 
other factors were also detected during extraction 
and sample analysis (Humphries & Khachik 2003; 
Updike & Schwartz 2003; Calvo 2005; Čopíková 
et al. 2005; Khachik & Chang 2009; Šivel et al. 
2013). In plants, lutein is present either in the form 
of free lutein in leafy vegetables such as spinach, cab-
bage, and broccoli, or in the form of esters with fatty 
acids in the following fruits and vegetables: mango, 
orange, papaya, red or green pepper, yellow corn etc. 
(Khachik et al. 1986; Breithaupt & Bamedi 2001; 
Calvo 2005). The content of lutein in natural sources 
depends on their kind, variety, level of maturity, part 
of fruit, and also on the way of processing by heat, 
preservation, or storage (Calvo 2005).  
Marigold flower (Tagetes erecta L.) represents a rich 
source of lutein. It is grown for business purposes in 
Mexico, Peru, Ecuador, Spain, India or China. Dried 
Marigold flowers contain 0.1–0.2% dry matter (DM) 
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Figure 1. Structural 
formula of lutein
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of carotenoids, out of which 80% are lutein diesters. 
By the extraction of dried and ground flowers, a non-
polar oleoresin extract is acquired. In the process of 
the technological treatment, conversion of trans-lutein 
into cis-lutein is catalysed by heat, light, air oxygen, 
and acids. Lutein ester is acquired by purification of the 
non-polar extract; its subsequent saponification leads 
to the isolation of free lutein. Both lutein ester and free 
lutein in the form of powder, oil, or as beadlets are 
used for the manufacture of dietary supplements or for 
the enrichment of foods and drinks with carotenoids.
Many studies deal with the determination of lutein 
content in fresh or dried Marigold flowers or in non-
polar concentrates (Emenhiser et al. 1996; Delgado-
Vargas & Paredes-López 1997; Delgado-Vargas 
et al. 1998; Hadden et al. 1999; Khachik et al. 1999; 
Breithaupt et al. 2002; Khachik 2003; Navarrete-
Bolanos et al. 2004; Li et al. 2007; Bhattachryya 
et al. 2010). Prior to an HPLC analysis of lutein, the 
implementation of its quantitative extraction is es-
sential. The extraction with organic polar or non-polar 
solvents and their combinations is the most common 
procedure and, at the same time, the least demand-
ing instrumental method employed. Depending on 
the nature of the sample, sole extraction can be done 
or it might be preceded by sample saponification 
(Calvo 2005). The solubility and stability of lutein 
in individual extraction agents differ widely. The 
combination of various organic solvents can exert 
either positive or negative effects on the results of 
HPLC analysis. The effects of organic solvents on the 
environment and their safe use were also monitored 
(Khachik et al. 1988; Craft 1992; Ishiha & Chap-
man 2009). Supercritical fluid extraction with CO2 
did not show satisfactory results (Naranjo-Modad 
et al. 2000; Fernandéz-Sevilla et al. 2010; Guedes 
et al. 2011; Hsu et al. 2011). This extraction method, 
however, is recommended for the separation of lutein 
stereoisomers (Khachik 2003).
To determine lutein content using HPLC, chro-
matographic columns with C18, or C30 sorbents are 
commonly applied (Štěrbová et al. 2003); the latter 
packing is also suitable for the separation of indi-
vidual trans- and cis-isomers of lutein. To analyse 
the substances with identical molecular masses such 
as lutein and zeaxanthin, cyanopropyl column with 
the packing containing – (CH2)3-CN end group is 
recommended. None of the articles dealing with 
determination of lutein and other carotenoids in 
Marigold flower concentrates reported on the sub-
jection of the concentrates used for the production 
of food supplements.to HPLC analysis.
Our study had the following goals: (i) HPLC 
determination of lutein contents in Marigold flower 
concentrates that are commercially used to manu-
facture dietary supplements or to enrich foods or 
drinks with carotenoids; (ii) comparison of the lu-
tein stability in encapsulated (beadlet) and powder 
extract forms.
MATERIAL AND METHODS
Sample selection. Marigold flower concentrates in 
the forms of granules (samples L1–L16) and powder 
(samples L17–L34) used for the production of food 
supplements were analysed at least three months 
before their expiration time. The concentrates were 
purchased directly from the producers (from China, 
India, Israel, and Mexico). These declared the content 
of lutein to range from 5% to 80%. The respective 
characteristics are listed in Table 1.
Lutein standard. Standard solution of lutein was 
prepared by dissolution of accurate amount of lutein 
standard (0.50 ± 0.01 mg; Extrasynthese, Genay, 
France) in acetone-methanol mixture (50 ml; 1 : 1 
v/v). Calibration curve was plotted based on the 
signals of various volumes of standard lutein solu-
tion (1, 2, 3, 5, 8, and 10 µl) injected into the HPLC 
column. Calibration was always implemented on the 
day of analysis.
HPLC determination of lutein content. The sam-
ple of each concentrate (in the form of granules or 
powder, 5–10 ± 0.01 mg) was dissolved in 50 ml of 
acetone-methanol solvent (1 : 1 v/v) and was sub-
sequently treated in an ultrasound bath for 10 min 
followed by spinning at 6000 g for 5 minutes. Two 
separate solutions of a sample were always prepared. 
The separation was carried out using an HPLC 1100 
instrument with UV-VIS DAD detector at 30oC (all 
from Agilent Technologies, Waldbronn, Germany) 
with linear gradient elution (0 min 30% A, 10 min 
0% A and 15 min 30% A) on a ZORBAX SB CN 
(75 mm × 4.6 mm, 3.5 µm) column with mobile 
phase flux of 0.7 ml/min (3.153 g/l of ammonium 
formate in water – A and methanol – B). The signal 
was recorded upon the injection of the analysed 
sample (1–5 µl) at 446 nm with the band width of 
16 nm. The reference signal was taken at λ = 600 nm 
with the bandwidth of 100 nm. The HPLC analysis 
of each sample was implemented in triplicate. The 
recorded results were processed by ANOVA variance 
analysis using both Unistat 5.1 statistical software 
and Office Excel® Microsoft program (Snedecor & 
Cochran 1967). Figure 2 shows an example of the 
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sample extract chromatogram. A small portion of 
zeaxanthin (up to 0.5 % with RT = 10.31 min) was 
present in all samples tested.
HPLC method validation. The accuracy, precision, 
and recovery were evaluated (n = 6–10) with model 
solutions and concentrates spiked with lutein stan-
dards (concentrations varying from 0.5 µg/g to 3 µg/g). 
Intraday repeatability was verified by analysing the 
standard solutions and lutein concentrates during 
1 day (spiked with four different concentrations); 
interday repeatability was verified in a 6-day period 
with four standard solutions of different concent-
rations (lutein concentrates were analysed in one 
sequence during a the period of < 24 h).
The limit of detection (LOD, S/N = 3) was 0.22 µg/g 
and the limit of quantification (LOQ, S/N = 10) was 0.7 
µg/g. The calibration curve was linear in an appropriate 
concentration range with the correlation coefficient 
0.9982. Repeatability was determined for 0.5, 1, 2, and 
3 µg/g standard solutions and for real plant concent-
rates spiked with the same concentrations of analytes 
(n = 6). For standard solutions, RSD was 1.4% with 
recoveries of 99.0–101%. For spiked concentrates, RSD 
was 2.5% with recoveries of 97.9–102%. As for intraday 
variation, RSD was 2.6% and recovery was 98.8–101% 
for standard solutions. For spiked lutein concentrates, 
RSD was 2.8% and recovery was 98.3–101%. 
RESULTS AND DISCUSSION
Lutein content in Marigold flower concentrates. 
We analysed 16 samples of Marigold f lower the 
concentrates (L1–L16) in the encapsulated form 
and 18 samples in the powder form (L17–L34). The 
contents of lutein indicated by the manufacturers’ 
certificates and the determined levels of lutein found 
in the samples are listed in Table 1.
Table 1 also illustrates the percentage of the real to 
the declared levels of lutein in the encapsulated form 
of samples. Nine samples showed even higher amounts 
of lutein than declared by the manufacturers, which 
demonstrates the high quality of the raw material and 
also proves outstanding mastering of the encapsulated 
form production; encapsulated products usually con-
tain 5, 10, 20, and 25% of lutein in the dry product. 
The lowest levels of lutein, 2.02 and 23.8 mg/g, were 
found in L7 and L14 samples, respectively, in spite 
of the producer having specified lutein contents as 
89.0 mg/g in L7 sample and 215 mg/g in the L14 sample.
Only one sample (L17) of the powder extract con-
tained more lutein than indicated by the manufac-
turer. The lutein levels in the L28 and L18 samples 
did not differ substantially from the declared values; 
L28 and L18 samples contained 276 and 51.0 mg/g 
of lutein, respectively, although the producers speci-
Table 1. Lutein contents (mg/g DM) in samples of Marigold flower concentrates (beadlets L1–L16; powder L17–L34) 
Sample
Lutein content 
Sample
Lutein content 
declared determined (–x ± SD) (%) declared determined (–x ± SD) (%)
L1   67.7   73.6 ± 0.55 108.7 L18   54.2   51.0 ± 0.94 94.1
L2   65.0   68.7 ± 0.69 105.7 L19   55.2   30.1 ± 0.48 54.5
L3   56.8   59.4 ± 0.75 104.6 L20   54.3   38.3 ± 0.57 70.5
L4   54.5   55.1 ± 0.52 101.1 L21   50.0     3.0 ± 0.12 6.00
L5   64.0   51.3 ± 0.48   80.2 L22   74.0   63.9 ± 0.56 86.4
L6   50.0   41.6 ± 0.74   83.2 L23   68.9   46.2 ± 0.96 67.1
L7   89.0   2.02 ± 0.07       2.27 L24 217.2    194 ± 2.74 89.3
L8 116.4     127 ± 0.98 109.1 L25 203.0    161 ± 2.52 79.3
L9 104.9    91.7 ± 1.03   87.4 L26 200.5   1.75 ± 0.06 0.87
L10 114   80.5 ± 0.80   70.6 L27 200.0   5.33 ± 0.13 2.66
L11 215.4    224 ± 2.39 104.0 L28 289.6    276 ± 1.93 95.3
L12 235.0    239 ± 2.18 101.7 L29 720.2   2.21 ± 0.11 0.31
L13 204.3    189 ± 2.62   92.5 L30 700.0   6.68 ± 0.18 0.95
L14 215.0   23.8 ± 0.25   11.1 L31 750.0    573 ± 4.57 76.4
L15 272.1    293 ± 2.47 107.7 L32 750.0   531 ± 4.17 70.8
L16 265.0    271 ± 1.36 102.3 L33 802.3   677 ± 6.00 84.4
L17   55.0   58.7 ± 0.64  106.7 L34 800.0   730 ± 6.06 91.3
in bolt - samples with the highest contents of Lutein
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fied them to contain 290 mg/g of lutein in the case 
of L28 sample and 54.2 mg/g of lutein in L18 sample. 
Fourteen samples (L18–L27 and L31–L34) contained 
less lutein than specified by the manufacturers. Half 
of them contained even less than 75% of the declared 
content. The smallest amounts of lutein were found 
in L26 and L29 samples; instead of 201 mg/g we 
detected only 1.75 mg/g of lutein in L26 sample 
and, supposing to find 720 mg/g, we estimated only 
2.21 mg/g in L29 sample.
Quality of Marigold f lower concentrates. To 
compare the quality of Marigold flower concentrates 
in the encapsulated (L1–L17) and powder (L18–L34) 
forms, the following categorisation according to the 
percentage of the detected to the declared lutein 
content was used: (i) satisfactory (~ 100%); (ii) less 
satisfactory (75–100%); and (iii) inadequate (< 75%). 
The results show that beadlets provided substantially 
higher protection of lutein against oxidation by air 
oxygen; this finding emerges from the analyses la-
belling 56% of lutein beadlet samples satisfactory 
compared to only 6% of the powder concentrates 
falling into the same category. Accordingly, just 19% 
of the encapsulated samples were found inadequate 
in comparison with 50% of the powder concentrates 
while 25 and 40%, respestively, were found less sat-
isfactory. 
To conclude, only 10 out of 34 encapsulated or 
powder concentrates were evaluated as satisfactory 
samples. Twelve lutein concentrates were found less 
satisfactory and twelve samples were labelled inad-
equate. The concentrates from the manufacturers 
from India were found to be of the highest quality. 
CONCLUSIONS
Based on the results of analyses, we can conclude 
that the producers of lutein-containing dietary sup-
plements have to select thoroughly the concentrates 
of lutein for their production. A reliable and trust-
worthy supplier may rank among the most important 
manufacturing factors. The suppliers are supposed 
to provide high quality lutein and to employ reliable 
analytical methods for the detection of its content; 
thereby they guarantee the declared content of lutein 
in the given Marigold flower extract.
The dietary supplement manufacturers should 
implement input analyses of ingredients and output 
analyses of the products. In using cheap ingredients 
like lutein containing concentrates that are widely 
available on the market, they should also consider 
possible negative effects. 
Nine out of sixteen encapsulated concentrates 
were evaluated as satisfactory samples. Only one in 
eighteen powder concentrates was labelled satisfac-
tory. Lutein contained in the encapsulated extracts 
proved to be substantially more stable than lutein 
in the powder extract.
R e f e r e n c e s
Bhattacharyya S., Datta S., Mallick B., Dhar P., 
Ghosh S. (2010): Lutein content and in vitro antioxidant 
activity of different cultivars of Indian marigold flower 
(Tagetes patula L.) extracts. Journal of Agricultural and 
Food Chemistry, 58: 8259–8264.
Breithaupt D.E., Bamedi A. (2001): Carotenoid esters 
in vegetables and fruits: a screening with emphasis on 
β-cryptoxanthin esters. Journal of Agricultural and Food 
Chemistry, 49: 2064–2070.
Breithaupt D.E., Wirt U., Bamedi A. (2002): Differentia-
tion between lutein monoester regioisomers and detec-
tion of lutein diesters from marigold flowers (Tagetes 
erecta L.) and several fruits by liquid chromatography-
mass spectrometry. Journal of Agricultural and Food 
Chemistry, 50: 66–70.
Calvo M.M. (2005): Lutein: a valuable ingredient of fruit 
and vegetables. Critical Reviews in Food Science and 
Nutrition, 45: 671–696.
Craft N.E. (1992): Relative solubility, stability, and ab-
sorptivity of lutein and β-carotene in organic solvents. 
Journal of Agricultural and Food Chemistry, 40: 431–434.
Figure 2. An example 
chromatogram of an 
extract sample
 
 
 
 1
0.
05
8 
-  
Lu
te
i n
 1
0.
30
8
 
 
DAD1 A, Sid = 446.16 Ref = 600.100 (INGSIVEL\VZOR0001.D(mAU)
50
40
30
20
10
0
0  2    4       6        8         10           12            14    (min)
 525
Czech J. Food Sci. Vol. 32, 2014, No. 6: 521–525
Čopíková J., Uher M., Lapčík O., Moravcová J., Drašar P. 
(2005): Přírodní barevné látky. Chemické Listy, 99: 802–816.
Delgado-Vargas F., Paredes-López O. (1997): Effects of 
enzymatic treatments of marigold flowers on lutein iso-
meric profiles. Journal of Agricultural and Food Chem-
istry, 45: 1097–1102.
Delgado-Vargas F., Paredes-López O., Avila-Gon- 
záles E. (1998): Effects of sunlight illumination of mari-
gold flower meals on egg yolk pigmentation. Journal of 
Agricultural and Food Chemistry, 46: 698–706.
Emenhiser C., Simunovic N., Sander L.C., Schwartz 
S.J. (1996): Separation of geometrical carotenoid isomers 
in biological concentrates using a polymeric C30 column 
in reversed-phase liquid chromatography. Journal of 
Agricultural and Food Chemistry, 44: 3887–3893.
Fernandéz-Sevilla J.M., Fernández F.G.A., Grima 
E.M. (2010): Biotechnological production of lutein and 
its applications. Applied Microbiology and Biotechnol-
ogy, 86: 27–40.
Guedes A.C., Amaro H.M., Malcata F.X. (2011): Mi-
croalgae as sources of carotenoinds. Marine Drugs, 9, 
625–644.
Hadden W.L., Watkins R.H., Levy L.W., Regalado E., 
Rivadeneira D.M., Breemen R.B., Schwartz S.J. (1999): 
Carotenoid composition of marigold (Tagetes erecta) 
flower extract used as nutritional supplement. Journal of 
Agricultural and Food Chemistry, 47: 4189–4194.
Hsu Y.-W., Tsai C.-F., Chen W.-K., Ho Y.-C., Lu F.-J. 
(2011): Determination of lutein and zeaxanthin and an-
tioxidant capacity of supercritical carbon dioxide extract 
from daylily (Hemerocallis disticha). Food Biochemistry, 
129: 1813–1818.
Humphries J.M., Khachik F. (2003): Distribution of lutein, 
zeaxanthin, and related geometrical isomers in fruit, 
vegetables, wheat, and pasta products. Journal of Agri-
cultural and Food Chemistry, 51: 1322–1327.
Ishiha B.K., Chapman M.H. (2009): Carotenoid extrac-
tion from plants using a novel, enviromentally friendly 
solvent. Journal of Agricultural and Food Chemistry, 57: 
1051–1059.
Khachik F. (2003): An efficient conversion of (3R,3’R,6’R)-
lutein to (3R,3’S,6’R)-lutein (3'-epilutein) and (3R,3’R)-
zeaxanthin. Journal of Natural Products, 66: 67–72.
Khachik F.,  Chang A . (2009):  Total synthesis of 
(3R,3’R,6’R)-lutein and its stereoisomers. Journal of Or-
ganic Chemistry, 74: 3875–3885.
Khachik F., Beecher G.R., Whittaker N.F. (1986): Sepa-
ration, identification, and quantification of the major 
carotenoid and chlorophyll constituents in concentrates 
of several green vegetables by liquid chromatography. 
Journal of Agricultural and Food Chemistry, 34: 603–616.
Khachik F., Beecher G.R., Vanderslice J.T., Furrow 
G. (1988): Liquid chromatographic artifacts and peak 
distortion: sample-solvent interactions in the separation 
of carotenoids. Analytical Chemistry, 60: 807–811.
Khachik F., Steck A., Pfander H. (1999): Isolation and 
structural elucidation of (13Z,13'Z,3R,3’R,6’R)-lutein 
from marigold flowers, kale, and human plasma. Journal 
of Agricultural and Food Chemistry, 47: 455–461.
Li W., Gao Y., Zhao J., Wang Q. (2007): Phenolic, flavo-
noid, and lutein ester content and antioxidant activity of 
11 cultivars of Chinese marigold. Journal of Agricultural 
and Food Chemistry, 55: 8478–8484.
Naranjo-Modad S., López-Munguia A., Vilarem G., 
Gaset A., Bárzana E. (2000): Solubility of purified 
lutein diesters obtained from Tagetes erecta in supercriti-
cal CO2 and the effect of solvent modifiers. Journal of 
Agricultural and Food Chemistry, 48: 5640–5642.
Navarrete-Bolanos J. L., Jiménez-Islas H., Botello-
Alavarez E., Rivo-Martínez R., Paredes-López O. 
(2004): Improving xanthophyll extraction from marigold 
flower using cellulolytic enzymes. Journal of Agricultural 
and Food Chemistry, 52: 3394–3398.
Snedecor G.W., Cochran W.G. (1967): Statistical Meth-
ods. 6th Ed. Iowa State University Press, Iowa.
Šivel M., Klejdus B., Kráčmar S., Kubáň V. (2013): Lu-
tein – významný karotenoid ve výživě člověka. A review. 
Chemické Listy, 107, 459–463. 
Štěrbová D., Klejdus B., Kubáň V. (2003): A liquid chro-
matographic method for simultaneous determination of 
chlorophylls and carotenoids in fresh conifer needles. 
Chemical Analysis (Warsaw), 48: 233–241.
Updike A.A, Schwartz S.J. (2003): Thermal processing 
of vegetables increasing cis-isomers of lutein and zea- 
xanthin. Journal of Agricultural and Food Chemistry, 
51: 6184–6190.
Received for publication February 17, 2014
Accepted after corrections May 23, 2014
Corresponding author: 
Prof. RNDr. Vlastimil Kubáň, DrSc., Univerzita Tomáše Bati ve Zlíně, Fakulta technologická,  
Ústav technologie potravin, náměstí T. G. Masaryka 275, 762 72 Zlín, Česká republika; E-mail: kuban@ft.utb.cz
